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ABSTRACT 

Doppler imaging analysis allows use of the mfoi mat ion con- 
tained in a time sequence of spectial line profiles to deduce 
the size, location, and surface flux of legions of contrasting 
brightness on rotating stars We have used IUE observa- 
tions to study the structure of the lower clnoinospheie of 
AR Lacertae in the light of Mg II k We ha\e obtained 
sequences of LWR/P-HI images distributed aiound the bi- 
nary penod at three epochs We ha\e identified discrete 
plage-like legions of enhanced Mg 11 surface flux m this 
system There are temporal variations in the Mg II flux on 
timescales of hours as well as substantial changes in rhio- 
niospheiic nioiphology on timescales of years Even with 
tin* limited S/N attainable with the IUE, one can map the 
gross structures of active stellar atmospheres. With such 
information, one can begin to study the tiue 3-D stmctuie 
of the atmospheres of late-type stars 
Key woids. Dapple, i Imaging: SteAUn Chun no tph ruin 

1 INTRODUCTION 

The onH stni lh.it piesents a readilx resolvable disk to us 
is the Sun Consequently. wo have abundant information 
concerning the surface morphologies of one inactive, unas- 
suming G2 dwarf Stars, of course, vary widely m their 
pi opei ties Among the cool, solar-like stars, a number (ex- 
hibit the ”RS CVn phenomenon”, i e , extremely strong 
solar-like activity, as manifested by strong line emission 
from the stellar chromosphere and transition region, strong 
coronal X-iay omission. prominent, photometric variability 
due to the rotational modulation of a spotted hemisphere, 
and radio emission in some cases. If one takes the observed 
solar active regions, and increases their filling factors to fill 
the observed solar disk, one cannot i (’produce the levels 
of activity observed m the most active solar-like stars. In 
oidei to undertake modelling of these most active atmo- 
spheres, it is imperative that one have some grasp on the 
nature of the surface structures and then filling factors 
Does solar analogy apply as is usually assumed*' 

The technique of Dopplei . oi spectial, imaging uses the 


ve!o< 1 1 \ mfoi mat ion (untamed in the spectial piofile of a 
111 it' togetliei with knowledge of the stellai lotational ve- 
locity and inclination and an assumption about t lie sui fac e 
differ ent lal rotation, to map features of contrasting biiglit- 
nes.s at a pellicular wavelength onto the stellar suihue 
In principle, th<' velocity of a feature relative to the rest 
wavelength of the line (m th<’ frame of the stai ). m the al>- 
sen< e of s\ stomata Hows, place’s the feat me oil a locus of 
constant ladial velocity on the stellai smfac(’ The accel- 
eration of the feat.me across the line profile constrains the 
latitude and altitude of the feature Fuithei c oust i am!'* 
aie supplied b\ the maximum velocity ohseived and the 
fiaction of the stellai lotational penod the featuie is vis- 
lhle. This technique was pioneered by Vogt and Penrod 
(Ref 1). who used high S/N photosphei ic absoiption line 
profiles to infer the shapes and locations of the daik pho- 
toxphenc spots on HR 1090 

We have used a conceptually similar technique, described 
in detail m Ref 2. lnvohing deconvolution of ail emission 
line into lt.s various components Oui technique is well 
suited to the lower S/N obtainable for the chromospheric 
emission lines observable with the IUE Our target lias 

been AR Lacertae (HD210334. G2IV+K0IV, P-1 983''). 
at V=G 1 the brightest known eclipsing RS Canum Ve- 
naticorum system We have now obtained high dispersion 
LWR/P spectra of the Mg II k line of AR Lac at three 
epochs, permitting mapping of discrete stiuctuies m the 
lower chromosphere at these epochs, and giving some in- 
dication of the sm face nioiphology of a very active pair of 
star s. 

2 OBSERVATIONS AND ANALYSIS 

The number of observations and the phase coverage at each 
epoch are summarized m Table 1 

The analysis technique is detailed in Refs. 2 and 3 Briefly, 
we fit the observed Mg II k line profile with up to five 
gauxsian components Three of the components are well 
< onsti amed m wavelength, those being the global emission 
fiom the two stais m the system and the mteistelhu al>- 
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Table 1 

Observation Log 


Dates 

phase 

range 

niunbei 

LW-HI 

nuinbei 

SWT-LO 

3-5 Octobei 19S3 

0 S5-1.G4 

S 

9 

IS- 19 September 19S5 

0.00-1 43 

20 

IS 

| 13- 17 September 19S7 

0.23-2.20 

34 

33 


sorption component, (which we use as a velocity fiducial 
to check the IUE wavelength scale). Residuals to the fits 
containing these 3 components are then fit iteratively until 
the velocities of the global emission lines agree with those 
predicted from the oibital elements. The residual features 
ti averse the global line profile as a function of binary phase, 
indicating that they are due to legions of contrasting sur- 
face flux on the stellar surface. Typical line profiles and 
fits aie shown m Figure 1. 

3. SUMMARY OF RESULTS 

The 19S3 iesults were reported in Ref. 2 Two “plages ’, 
legions of high Mg II suiface flux, were identified on the 
suiface of the Iv star A flare was observed at Mg II and 
in the radio (2 and 0 cm) and pci haps in N V and C IV. 
No disci etc structures were observed on the G star, and 
the global fluxes from the G and K stars, exclusive of the 
plages and flare, did not vary significantly. The plages have 
filling factors of <.005 and ^.015 of the visible hemisphere 
of the K star, and Mg II k surface flux enhancements of a 
factoi of 5 or more over that of the global emission com- 


ponent. Phase ( (Aeiage u as concent,! a ted lieai the e< lipses 
and so was not optimal loi a Dopplei imaging study 

The 10S5 i es ults ale lepm led in Refs and 4 With brt.tei 
phase uAeiage. \\e weie able to identify 3 discrete plage 
( oniponent.s on the K stai One plage is at high latitude 
(50")- The relatne si/es, fluxes, and locations of the two 
equatorial plages are similar to the two obseived m 19S3. 
if tlie same, the plages migrated about 120" towards lower 
longitudes relative to a purely synchronized star. Filling 
factors range between 2 and 9% of the visible hemispheie. 
The cquatonnl plages appear to he about half the stellar 
ladnis above the photosphere. The G star was observed to 
flaie in Mg II. doubling its emission flux, and the leading 
hemisphere of the G stat was observed to be very dark in 
Mg II. 

The observations in September 19S7 were scheduled over 
two orbital periods m order to reduce ambiguity in inter- 
preting slow changes in the emission fluxes as either slow 
secular variations or due to rotational modulation. De- 
tailed results aie not yet available. However, no flares were 
observed during these two orbits. The Mg II k line profile 
of the Iv star is very similar in appearance to that observed 
in 19S5 The G star appeared to be about 50% brighter on 
one side, but the dark hemisphere was much brighter than 
observed m 19S5 


AR LACERTAE SEP 1985 



Figure 1: Typical Mg II k line profiles of AR Lac, with 
multicomponent fits overplotted. These spectra were cover 
a 19 hour period, and represent half the data obtained in 
19S5. Note the orbital motions of the G and Iv stars, plus 
the persistence of the smaller emission features. From Ref. 
3. 
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4. CONCLUSIONS 

It is clear that Doppler or spectial imaging obsei vations 
have the potential of opening up an entirely new perspec- 
tive on stars. These monochromatic images show the fal- 
lacy of modelling such stais using only one component at- 
niospheies. Stellai sui faces are complex, as we should ha\e 
anticipated from solai images, and it is likely that, the solar 
analogy cannot be sti celled far enough to include the most 
active late type stais without major caveats. 

The lowei chromosphere, of course, is but one small pait of 
the stellar at.mospheie. In order to build up a tine 3 dimen- 
sional pictme of a stellar atmospheie, one must, coordinate 
observations at man} frequencies at tin* same time. How 
do the structures in the lower chromosphere correspond 
to the coronal stiuctures infer red from X-ray obsei vations 
(Refs. 5 and Cj? What spatial relations are there between 
the plages and the photospheric spots? 

We feel it, is important to continue these obsei vations, to 
follow the ('volution of the surface structures on AR Lac 
over a period comparable to the likely stellai cycle pe- 
riod. With the IUE we can obtain excellent phase cov- 
erage. which is neccssaiy to discern long-lived spatial fea- 
tures from flares and slower secular variability We plan 
to obtain a series of HST/GHRS observations with gieat.ly 
improved S/N of the Mg II and C IV lines, in oidei to 
search for stiuctures m the transition region and to study 
tin’ll relationship to those of the lower chromosphere. Ide- 
ally these observations can be undei taken simultaneously 
with the IUE. providing continuity in phase courtage, and 
with X-iay and radio observations, m order to yield a true 
tlnee-dimensional pict uro of the outer atinosphei e of a \ ei y 
active st,ai 
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